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論　文　内　容　要　旨
This thesis describes crystal structures and growth textures of some silica minerals crystallizedfrom low-
temperature hydrothermal solutions as foundation for understanding of the genesis･ Based on the descrlPt10nS
of structures and textures, occurrences and- grow血mechanisms of these minerals are discussed. The thesis
consists or the fbllowlng　6　chapters.
Chapter 1 describes general background for study of silica minerals inthe earth crust.
Chapter 2 describes development of a new crystallographic program VESTAI The program was devel-
oped in order to promote and facilitatethe rest of studies in this thesisI VESTA is a three-dimensional visu-
alization program for electronic and structural analysis studies. It extracts a varietyof crystal-chemical
informationfrom丘actional coordinates, occupancies, and oxidation states of sites･ Volumetric data such as
electron and nuclear densities, Pattersonfunctions, and wave functions are displayed as isosurfaces, bird'S-eye
views, and two-dimensional maps. Electron densities detemined experimentally are convertible into their
Laplacians and electronic-energy densities.
In chapter 3 , microcrystalline quartz and moganite are studied. From peak profile analyses of synchro-
tron X-ray powder di飽action data and a simulation of powder patterns, We demonstrated that peak broadening
of X-ray powder pattem is pnmarily caused by stacking faults in microcrystalline quartz and moganite grains･
Through quantitative analysts Offrequency of the stacking fault in quartz, existence of aluminum ion in low-
tempera山re conditions was revealed to G血ance occu汀enCe Of Brazil twi-lng ln quartZ･ In natural agate sam-
ples, aluminumis found to concentrate in agate bands having rather less stacking faults, though the
concentration is not a simplefunction of the amount of stacking fault･
In chapter 4 , structures of Japan twin boundaries are determined by uslng COmPutational simulationsI
Fourtypes of twinning are grouped under the Japan twin law, comprising 10 subtypes of geometrical configu-
rations based on the structural handedness and composition plane. For each subtype, the twin displacement
vector is determined and the structures of the twin boundaries with (1122) or (1122) composition plane are
simulated. It is shownthat six subtypes composed of two crystals with same-handed structure have the same
type of SiO. tetrahedral linkage at twin boundaries･ The other four subtypes are composed of combinations of
right- and lefHlanded quartz, and are structurally distinct from the same-handed group･ The twin boundary en-
ergleS Of the same-handed group are lower than fわr the opposite-handed group･ The calculations demonstrate
that SiO. tetrahedra at Japan twin boundaries are very stiff in comparison with inter-tetrahedral forces, consis-
tent with previous reports for silica polymorphs, and that structural matching of twin individuals is pnmarily
achieved through the rotation or SiO4 tetrahedra･
In chapter 5 , growth textures of Japan twin samples are described in detaiHn general, crystal growth
is often enhanced at twin boundaries, with a result that sizes and foms of twinned crystals are different from
coexistlng Single crystals･ In all the samples from Narushima, Nagasaki Prefecture, Japan, narrow reg10nS are
found adjacent to Japan twin boundaries to be formed by submicron-scale intergrow血s of right- and leR-
handed quartz, i･e･ Brazil twinnlng･ Structures wherethe Japan and Brazil twin boundaries intersect each other
are successfully determined by molecular dynamics (MD) simulationsI The results of MD simulations demon-
strate that stmchral handedness or quartz can be exchanged coherently at Japan twin boundaries when some
Brazil twin boundaries intersect with Japan twin boundaries･ The preferential growth of Japan twin takes place
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only ln growth sectors where dense Brazil twin lamellae are developlng･
In chapter　6 , Some silica minerals recently discovered in nature are described･ These minerals are
isostructural with gas hydrates. They occur in tuffaceous sandstone and mudstone of the Miocene Hota Group,
at Arakawa, Minami-boso city, Chiba Prefecture, Japan. The crystal structures are built up from Silo frame-
works constituting severaltypes of small voids (cages). Hydrocarbons such as CH4, C2H6, C3HB , and i-
C.H.0 are included in the cages. One of the mineral has the MTN-type framework structure, which is
isostructural withthe structure-II (SII) gas hydrate. Silica mineral withthe DOH-type framework structure was
also found, which is isostructural with structure-H (sH) gas hydrate. So far, the only silica clathrate mineral
known in nature was melanophlogite, which is isostructural with sI gas hydrate･ Now, allthe threetypes of
silica clathrates isostructural with three types of natural gas hydrates, sI, SII, and sH are discovered in nature.
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論文審査の結果の要旨
門馬綱-提出の論文は､低温熱水溶液から生成した石英､モガナイト､及びシリカ包摂化合物の結晶構
造と成長組織についてⅩ線回折法およびラマン分光法によってブラジル双晶頻度とその周期性を半定量
的に評価する手法を確立したもので六章から構成されている｡
第一章では､シリカ鉱物の研究の背景について述べているo研究史を概説し､常圧に近い低圧領域にお
けるシリカ鉱物の多形の結晶構造を概説し､研究のねらいが､低温熱水溶液から生成した石英､モガナイ
ト､及びシリカ包摂化合物の結晶構造と成長組織の関係を明らかにし､成長メカニズムを解明することで
あることを述べている｡
第二章では､本研究のために新たに開発した結晶構造図作成ソフトウエアVESTAについて述べているo
結晶構造及び電子分布密度を3次元的に視覚化し､種々の結晶化学的情報を引き出すために開発されたも
のであることが述べられている｡
第三章では水晶の微小結晶中のブラジル双晶についての粉末Ⅹ線法及びラマン分光法よる定量的解析
結果が述べられている｡ Ⅹ線粉末回折ピークのプロファイルの解析から､水晶の微小結晶粒及びモガナイ
ト粒子中に積層欠陥が存在することを明らかにし､その頻度の解析からAlイオンが低温条件下で存在し
ブラジル双晶が促進され､モガナイトの生成に影響する可能性を示唆している｡
第四章では水晶の日本式双晶の双晶境界について分子動力学シミュレーション法で解析した結果を述べ､
日本式双晶の双晶境界ではSiO｡四面体がわずかに回転して構造の連続性が保たれていることを見出した｡
第五章ではカソードルミネッセンス法で観察した水晶の日本式双晶の成長組織を詳細に記述し､観察結
果に基づき日本式双晶の双晶境界とブラジル双晶との関係を考察している｡日本式双晶の双晶接合面では､
ブラジル双晶を介して､整合的に右水晶と左水晶の構造が接合できることを示している〇
第六章では､従来､天然に見出されていた唯一のシリカ包摂化合物はメラノプロジャイトであったが､
最近メラノフロジャイトとは異なる骨格構造をもつシリカ包摂化合物を海洋堆積物を貫く石英脈中から新
たに発見したことを述べている｡この新たに見出したシリカ包摂化合物について粉末Ⅹ線回折データの
Rietveld解析およびMEM解析を行って結晶構造を決定した結果を記述し､ゼオライトの骨格構造に基づ
く分類によればMTN型に相当することを述べている｡また､同時にDOH型の存在も確かめており､こ
れにより､自然界に見られる三種類のシリカ包摂化合物が､いずれも天然に産出することが確かめられたo
以上のように､門馬綱-は優れた業績を上げ､自立して研究活動を行うのに必要な高度の研究能力と学
識を有していることを示している｡したがって､門馬綱-提出の論文は博士(理学)の学位論文として合
格と認める｡
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